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(54) ROAD SURFACE FRICTIONAL COEFFICIENT ESTIMATING DEVICE AND METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To calculate a road surface 
coefficient of friction in real time by estimating the road 
surface coefficient of friction by making rotating speed 
at the time of racing a driving wheel correspond to 
acceleration state of a vehicle and making rotating 
acceleration of a wheel at the time of operating an ABS 
correspond to acceleration of the vehicle. 
SOLUTION: A map 4 is made to correspond to values 
which are stepwisely divided in road surface coefficients 
of friction and records the size of a maximum value for 
rotating acceleration of a driven wheel. By referring to 
the map 4. a road surface coefficient of friction is 
determined from rotating acceleration of the driven 
wheel and the size of the maximum value. Wheel rotating 
speed at the time of braking is detected and recorded 
for a plurality of wheels. For a braking operation input, a 
time differential value of rotating speed of a wheel in 
which an ABS 2 is operated is calculated. At a point of 
time when the ABS 2 is operated, the time differential 

value of the rotating speed of the wheel in which the ABS 2 is operated is made to correspond 
to a minus side amplitude value for the time differential value of rotating speed of a wheel in 
which the ABS 2 is not operated and the road surface coefficient of friction is estimated 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIIVIS 



[Claim(s)] 

[Claim 1] A means to detect the rotational speed (omegarl, omegarr) of the right-and-left driving 
wheel at the time of acceleration, and the rotational speed (omegaf) of a coupled driving wheel, 
respectively, and to record them, A means to calculate a part for the revolution speed difference 
of said right-and-left driving wheel (omega rl-omega rr), A means to calculate the time amount 
differential value (d (omega rl-omega rr)/dt) of this difference, A means to ask for the time of 
day (ts) when said time amount differential value shows maximum (a) in the time amount section 
to which its attention is paid within the time amount to which acceleration by engine drive is 
carried out, A means to calculate the roll acceleration (domegaf/dt) of the coupled driving wheel 
in the last time of day (ts-deltat) slightly [ this time of day (ts) ], Road surface coefficient-of- 
friction presumption equipment characterized by having a means to presume the value of road 
surface coefficient of friction (mu) corresponding to the magnitude of said maximum (a) to the 
roll acceleration (domegaf/dt) of this coupled driving wheel. 

[Claim 2] A means to presume the value of road surface coefficient of friction (mu) 
corresponding to the magnitude of said maximum (a) to the roll acceleration (domegaf/dt) of said 
coupled driving wheel The map beforehand memorized corresponding to the value classified 
gradually [ road surface coefficient of friction (mu) ] according to the property of the car about 
the size of said maximum (a) to the roll acceleration (domegaf/dt) of a coupled driving wheel, 
Road surface coefficient-of-friction presumption equipment including a means to ask for road 
surface coefficient of friction (mu) with reference to this map from the roll acceleration 
(domegaf/dt) of said coupled driving wheel, and the magnitude of said maximum (a) according to 
claim 1. 

[Claim 3] A means to detect and record the wheel rotational speed at the time of braking 
(omegap, omegaq) about two or more wheels, A means to calculate the time amount differential 
value (domegaq/dt) of rotational speed (omegaq) about the wheel (Q) for which ABS (Antilock 
Break System, automatic-braking control unit) operated to the braking actuation input, The 
wheel for which ABS does not operate when said ABS operates It corresponds to the minus side 
amplitude value (a\ acceleration maximum at the time of a slowdown) of the time amount 
differential value (domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which said 
ABS to the time amount differential value (it is proportional to the acceleration of domegap/dt 
and a car body) of the rotational speed (it is proportional to (V) whenever [ omegap and car- 
body-speed ]) of (P) operated. Road surface coefficient-of-friction presumption equipment 
characterized by having a means to presume the value of road surface coefficient of friction 
(mu). 

[Claim 4] A means to presume the value of road surface coefficient of friction (mu) 
corresponding to the minus side amplitude value (a') of the time amount differential value 
(domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which said ABS to the time 
amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for 
which said ABS does not operate operated It corresponds to the value classified gradually ! road 
surface coefficient of friction (mu) ] according to the property of the car. The map beforehand 
memorized about the size of the minus side amplitude value (a') of the time amount differential 
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t^^^tational speed (omegaq) of the whee^j^l 



value (domegaq/dt) of thWbtational speed (omegaq) of the wheel^u) for which said ABS to the 
time amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) 
for which ABS does not operate operated, Road surface coefficient-of-friction presumption 
equipment including a means to calculate road surface coefficient of friction (mu) from the time 
amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for 
which said ABS does not operate with reference to this map. and said minus side amplitude 
value (a') according to claim 3. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is carried in an automobile and used. This invention relates 
to the equipment which presumes coefficient of friction (mu) of the road surface an automobile 
runs to this time on real time by the operation of a program control circuit by considering 
behavior of a wheel as an input. This invention is used for operation presumption and others of 
coefficient of friction of the road surface given to an automatic-braking control unit, a position 
stability control unit, etc. as an input parameter. This invention will presume coefficient of 
friction (mu) of a road surface by making roll acceleration when a driving wheel races, and the 
acceleration condition of a actual car correspond, if a slip is generated in a driving wheel when 
accelerating a car by engine drive (at the time of actuation). Moreover, this invention presumes 
coefficient of friction (mu) of a road surface by making the roll acceleration (minus value) of the 
wheel, and the acceleration (minus value) of a car correspond, when giving the brake pressure 
force and ABS operates about at least one of the wheels, in order to slow down a car by brakes 
operation (at the time of braking). 
[0002] 

[Description of the Prior Art] The braking pressure force given to a wheel is automatically 
controlled by the automatic-braking control unit of a car intermittently, and when a slip is 
generated for a part of wheel, it controls by it so that the steering nature of a car is not spoiled, 
in the position stability control unit of a car, when there are actuation inputs, such as steering, 
the braking pressure force of some cars is made high so that a car may not start sideslipping, 
spin, drift out, etc. — it is — it is — a sideslip is made to prevent, while controlling making it low 
etc. and stabilizing a car body 

[0003] With these equipments, real-time operation control by the program control circuit is 
performed by considering the output of the various sensors (a steering angle, the vehicle speed, 
yaw REITO, sideslipping angle, etc.) carried in the car as an input. It is important to presume 
coefficient of friction of the road surface the car is running now on the occasion of these 
operation control. It is not easy to. presume correctly coefficient of friction of the road surface 
under current transit on the other hand. For this reason, what sets coefficient of friction of the 
road surface under current transit as the three-stage of "it is a pile to slipping", "slipping and a 
cone", and "being slipping and a cone very much" is conventionally known by switch actuation of 
an operator. 

[0004] Conventionally, the output of the sensors which are carried in a car and are similarly 
carried in the car is incorporated, and there is the following as equipment which calculates by 
the program control circuit and presumes coefficient of friction (mu) of a road surface on real 
time. 

(A) The approach the steering angle acquired as a sensor output, the vehicle speed, yaw REITO, 
a sideslipping angle, etc. presume road surface coefficient of friction (mu) using a neural network 
using being influenced of coefficient of friction (mu) of a road surface is indicated by JP.6- 
286630.A (applicant: Nissan Motor). 

(B) The method of presuming coefficient of friction (mu) of a road surface is indicated from the 
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size relation of the rotational speed of each wheel by JPJ-174689.A (applicant: Nippondenso) 
using the property which the center line of rotation of a car moves to a front-wheel side, so that 
coefficient of friction (mu) of a road surface becomes low. 

(C) When engine drive is given to a driving wheel, the approach the magnitude of the slip 
produced in the driving wheel presumes coefficient of friction (mu) of a road surface using being 
influenced of coefficient of friction (mu) of a road surface is indicated by JP.6-3257,A (applicant: 
Honda Motor). 
[0005] 

[Problem(s) to be Solved by the Invention] What is indicated above (A) performs a repeat 
operation using a neural network. Although precision of coefficient of friction (mu) presumed is 
made high as long time amount is spent, the road surface condition of changing quickly is not 
presumed with a suitable precision which is a short time according to a run state. 
[0006] Although what was indicated above (B) is the theoretically excellent approach, it is 
required to detect difference with small angle of rotation of two or more wheels, and it is still 
unknown practical [ how far ] it can carry out. 

[0007] Although what was indicated above (C) is the outstanding approach of being in agreement 
with an operator s sensation about whether it is easy to slide on a road surface, it is examined 
about a two-wheel barrow and cannot be applied to four flowers or the vehicle beyond it on 
which two or more driving wheels are connected by the differential gear as it is. 
[0008] If the value of road surface coefficient of friction (mu) given to the input of a position 
stability control unit or a braking control unit as mentioned above can classify three-stage 
extent, i.e., "it is a pile to slipping", and "slipping and a cone", and "they being slipping and a 
cone very much", for example, without needing precision so much, in almost all cases, it is 
effective. It is more important for rather very short time amount to calculate road surface 
coefficient of friction (mu) on real time. 

[0009] This invention can be carried out to such a background, can have the precision of 
sufficient extent as a value of road surface coefficient of friction ( mu) given as an input 
parameter of a position stability control unit or a braking control unit, can apply it to the car 
which has a four - flower car or the number of wheels beyond it, and aims at provide real time 
with the presumed equipment of road surface coefficient of friction ( mu) in which an operation 
is possible. 
[0010] 

[Means for Solving the Problem] This invention by making the rotational speed at the time of 
racing of the driving wheel produced when a car is accelerated by engine drive, and the 
acceleration condition of a actual car correspond Or by making the roll acceleration (minus 
value) of the wheel, and the acceleration (minus value) of a car correspond, when the brake 
pressure force is given and ABS (automatic-braking control unit) operates about at least one of 
the wheels, in order to slow down a car by brakes operation It is characterized by presuming 
coefficient of friction (mu) of a road surface. 

[0011] Namely, a means for the first viewpoint of this invention to be presumption of road 
surface coefficient of friction at the time of car acceleration, and to detect the rotational speed 
(omegarl, omegarr) of the right-and-left driving wheel at the time of acceleration, and the 
rotational speed (omegaf) of a coupled driving wheel, respectively, and to record them, A means 
to calculate a part for the revolution speed difference of said right-and-left driving wheel (omega 
rl-omega rr), A means to calculate the time amount differential value (d (omega rl-omega rr)/dt) 
of this difference, A means to ask for the time of day (ts) when said time amount differential 
value shows maximum (a) in the time amount section to which its attention is paid within the 
time amount to which acceleration by engine drive is carried out, A means to calculate the roll 
acceleration (domegaf/dt) of the coupled driving wheel in the last time of day (ts-deltat) slightly 
[ this time of day (ts) ], It is characterized by having a means to presume the value of road 
surface coefficient of friction (mu) corresponding to the magnitude of said maximum (a) to the 
roll acceleration (domegaf/dt) of this coupled driving wheel. 

[0012] A means to presume the value of road surface coefficient of friction (mu) corresponding 
to the magnitude of said maximum (a) to the roll acceleration (domegaf/dt) of said coupled 
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driving wheel The map beforehand memorized corresponding to the value classified gradually 
[ road surface coefficient of friction (mu) ] according to the property of the car about the size of 
said maximum (a) to the roll acceleration (domegaf/dt) of a coupled driving wheel. It is desirable 
to include a means to ask for road surface coefficient of friction (mu) with reference to this map 
from the roll acceleration (domegaf/dt) of said coupled driving wheel and the magnitude of said 
maximum (a). 

[0013] If a car is accelerated by engine drive, in a driving wheel, a slip will be generated by the 
road surface at the time of slipping or a cone. There is no generating of a slip in a coupled 
driving wheel, the difference (omega rhomega rr) of the rotational speed which incorporated and 
recorded the rotational speed (omegarl, omegarr) of a right-and-left driving wheel, and the 
rotational speed (omegaf) of a coupled driving wheel from the wheel rotational-speed sensor with 
which a driving wheel and each coupled driving wheel were equipped, and was produced in the 
right-and-left driving wheel — asking — ^this rotational speed — the time amount differential 
value (d (omega rl-omega rr)/dt) of difference is calculated. This value shows the roll 
acceleration at the time of the acceleration about a part for the revolution speed difference of a 
right-and-left driving wheel, i.e., the standup speed of racing. 

[0014] On the other hand, in this time amount differential value, maximum (a) asks for the time 
of day (ts) which shows where [ of the time amount section to which its attention is paid within 
the time amount to which acceleration by engine drive is carried out ] it was detected, and 
calculates the roll acceleration (domegaf/dt) of the coupled driving wheel in the last time of day 
(ts-deltat), i.e., the time of day in front of racing of a driving wheel, slightly [ this time of day 
(ts) ] from the rotational speed (omegaf) of the coupled driving wheel which carried out detection 
record. The acceleration of the car body which this value produced by acceleration actuation is 
shown, the rotational speed of the right-and-left driving wheel to the roll acceleration 
(domegaf/dt) of this coupled driving wheel — corresponding to the magnitude (standup speed of 
driving wheel racing) of the maximum (a) of the time amount differential value of difference, the 
value of road surface coefficient of friction (mu) is presumed. 

[0015] The value into which the value of this road surface coefficient of friction (mu) was 
classified gradually [ road surface coefficient of friction (mu) ] according to the property of that 
car proper. Road surface coefficient of friction (mu) For example, the value to 0.1 (very slipping 
and a cone). Make a partition like the values (slipping and cone) from 0.1 to 0.4, and the value (it 
is a pile to slipping) to 0.4-0.8 correspond, and it memorizes as a map beforehand about the size 
of said maximum (a) to the roll acceleration (domegaf/dt) of a coupled driving wheel. With 
reference to this map, it can ask from the roll acceleration (domegaf/dt) of a coupled driving 
wheel, and the magnitude of said maximum (a). 

[0016] A means for the second viewpoint of this invention to be presumption of road surface 
coefficient of friction at the time of braking, and to detect and record the wheel rotational speed 
at the time of braking (omegap, omegaq) about two or more wheels, A means to calculate the 
time amount differential value (domegaq/dt) of rotational speed (omegaq) about the wheel (Q) for 
which ABS (Antilock Break System, automatic-braking control unit) operated to the braking 
actuation input. The wheel for which ABS does not operate when said ABS operates It 
corresponds to the minus side amplitude value (a*, acceleration maximum at the time of a 
slowdown) of the time amount differential value (domegaq/dt) of the rotational speed (omegaq) 
of the wheel (Q) for which said ABS to the time amount differential value (it is proportional to 
the acceleration of domegap/dt and a car body) of the rotational speed (it is proportional to (V) 
whenever [ omegap and car-body-speed ]) of (P) operated. It is characterized by having a means 
to presume the value of road surface coefficient of friction (mu). 

[0017] A means to presume the value of road surface coefficient of friction (mu) corresponding 
to the minus side amplitude value (aO of the time amount differential value (domegaq/dt) of the 
rotational speed (omegaq) of the wheel (Q) for which said ABS to the time amount differential 
value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for which said ABS does 
not operate operated It corresponds to the value classified gradually [ road surface coefficient of 
friction (mu) ] according to the property of the car. The map beforehand memorized about the 
size of the minus side amplitude value (aO of the time amount differential value (domegaq/dt) of 
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the rotational speed (omegaq) of the wheel (Q) for which said ABS to the time amount 
differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for which ABS 
does not operate operated, It is desirable to include a means to calculate road surface 
coefficient of friction (mu) from the time amount differential value (domegap/dt) of the rotational 
speed (omegap) of the wheel (P) for which said ABS does not operate with reference to this 
map, and said minus side amplitude value (a). 

[0018] the wheel rotational-speed sensor empty vehicle ring rotational speed (omegap — ) 
prepared in two or more wheels of each when braking was applied to a car omegaq is 
incorporated and recorded, and while calculating the time amount differential value (domegaq/dt) 
of the rotational speed (omegaq) about the wheel (Q) for which ABS operated to the braking 
actuation input, the time amount differential value (domegap/dt) of the rotational speed 
(omegap) of the wheel (P) for which ABS does not operate is calculated. The rotational speed 
(omegap) of the wheel (P) for which ABS does not operate is proportional to (V) whenever [ car- 
body-speed ], and the time amount differential value (domegap/dt) is proportional to the 
acceleration of a car body. 

[0019] Corresponding to the minus side amplitude value (a') of the time amount differential value 
(domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS to the time 
amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for 
which this ABS does not operate operated, road surface coefficient of friction (mu) is presumed. 
The rotational speed (omegap) of the wheel (P) for which ABS does not operate is proportional 
to (V) whenever [ car-body-speed ], and the time amount differential value (domegap/dt) is 
proportional to car-body acceleration. Moreover, minus side amplitude value a of the time 
amount differential value (domegaq/dt) of the rotational speed of the wheel (Q) for which ABS 
operated shows the acceleration maximum at the time of a slowdown. 

[0020] Also when presuming road surface coefficient of friction (mu) at the time of this braking, 
according to the property of that car proper, it corresponds to the value classified gradually 
[ road surface coefficient of friction (mu) ] as mentioned above. It memorizes as a map 
beforehand about the size of the minus side amplitude value (a') of the time amount differential 
value (domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS to the time 
amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for 
which ABS does not operate operated. It can ask from the time amount differential value 
(domegap/dt) of the rotational speed (omegap) of the wheel (P) for which ABS does not operate 
with reference to this map, and minus side amplitude value (a'). 

[0021] In a precision partition like precision [ a pile ], i.e., "it is to slipping", "slipping and the 
cone" of sufficient extent, and "being slipping and a cone very much" by this as a value of road 
surface coefficient of friction (mu) given as an input parameter of a position stability control unit 
or a braking control unit Operation presumption of the value applicable to the car which has a 
four-flower car or the number of wheels beyond it can be carried out on real time, and position 
stability control with a high precision and braking control can be performed. 
[0022] 

[Embodiment of the Invention] 
[0023] 

[Example] Next, this invention example is explained based on a drawing. The block diagram and 
drawing 2 which show the system configuration of the position stability control device in 
connection with this invention example in drawing 1 are the perspective view showing the 
example of mounting to the car of the position stability control device in connection with this 
invention example. 

[0024] The position stability control unit 3 which performs position stabilization control of a car 
by considering various control information as an input is equipped with it while ABS (automatic- 
braking control unit)2 is formed and this invention example road surface coefficient-of-friction 
presumption equipment 1 performs automatic-braking control. 

[0025] To this road surface coefficient-of-friction presumption equipment 1, as a means to 
presume road surface coefficient of friction (mu) at the time of acceleration A means to detect 
the rotational speed (omegarl, omegarr) of the right-and-left driving wheel at the time of 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web.cgi_ejye 



2005/02/08 




THIS PAGE BLANK OBPTO) 



5/9 ^— V 




acceleration, and the rotational speed (omegaf) of a coupled driving wheel, respectively, and to 
record them, A means to calculate a part for the revolution speed difference of said right-and- 
left driving wheel (omega rl-omega rr), A means to calculate the time amount differential value (d 
(omega rl-omega rr)/dt) of this difference, A means to ask for the time of day (ts) when said 
time amount differential value shows maximum (a) in the time amount section to which its 
attention is paid within the time amount to which acceleration by engine drive is carried out, It 
has a means to calculate the roll acceleration (domegaf/dt) of the coupled driving wheel in the 
last time of day (ts-deltat), and a means to presume the value of road surface coefficient of 
friction (mu) corresponding to the magnitude of said maximum (a) to the roll acceleration 
(domegaf/dt) of this coupled driving wheel, slightly [ this time of day (ts) ]. 
[0026] For a means to presume the value of road surface coefficient of friction (mu) 
corresponding to the magnitude of said maximum (a) to the roll acceleration (domegaf/dt) of a 
coupled driving wheel The map 4 beforehand memorized corresponding to the value classified 
gradually [ road surface coefficient of friction (mu) ] according to the property of the car about 
the size of said maximum (a) to the roll acceleration (domegaf/dt) of a coupled driving wheel, A 
means to ask for road surface coefficient of friction (mu) with reference to this map 4 from the 
roll acceleration (domegaf/dt) of a coupled driving wheel and the magnitude of said maximum (a) 
is included. 

[0027] Furthermore, a means to detect and record the wheel rotational speed at the time of 
braking (omegap, omegaq) about two or more wheels as a means to presume road surface 
coefficient of friction, at the time of braking, A means to calculate the time amount differential 
value (domegaq/dt) of rotational speed (omegaq) about the wheel (Q) for which ABS (Antilock 
Break System, automatic-braking control unit)2 operated to the braking actuation input. The 
wheel for which ABS2 does not operate when ABS2 operates It corresponds to the minus side 
amplitude value (a', acceleration maximum at the time of a slowdown) of the time amount 
differential value (domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS2 
to the time amount differential value (it is proportional to the acceleration of domegap/dt and a 
car body) of the rotational speed (it is proportional to (V) whenever [ omegap and car-body- 
speed ]) of (P) operated. It has a means to presume the value of road surface coefficient of 
friction (mu). 

[0028] For a means to presume the value of road surface coefficient of friction (mu) 
corresponding to the minus side amplitude value (aO of the time amount differential value 
(domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS2 to the time 
amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) for 
which ABS2 does not operate operated It corresponds to the value classified gradually [ road 
surface coefficient of friction (mu) ] according to the property of the car. The map 4 beforehand 
memorized about the size of the minus side amplitude value (aO of the time amount differential 
value (domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS2 to the 
time amount differential value (domegap/dt) of the rotational speed (omegap) of the wheel (P) 
for which ABS2 does not operate operated, A means to calculate road surface coefficient of 
friction (mu) from the time amount differential value (domegap/dt) of the rotational speed 
(omegap) of the wheel (P) for which ABS2 does not operate with reference to this map 4, and 
minus side amplitude value (aO is included. 

[0029] Although the car of the biaxial structure shown in drawing 1 as a configuration of this 
example was shown in the example, in the case of a large-sized car, three shafts or 4 shaft 
structures are used. In such three shafts or 4 shaft structures, it can carry out similarly. Namely, 
the rotational speed and the control information needed in addition to this of each wheel are 
incorporated, road surface coefficient of friction (mu) is presumed similarly, and automatic- 
braking control, position stability control, and other control are similarly performed by making 
presumed road surface coefficient of friction (mu) into control information. 

[0030] Next, road surface coefficient-of-friction presumption actuation of this invention example 
road surface coefficient-of-friction presumption equipment 1 constituted in this way is 
explained. The flow chart and drawing 4 which show the flow of the road surface coefficient-of- 
friction presumption actuation at the time of acceleration according [ drawing 3 ] to this 
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invention example road surface coefficient-of-friction presumption equipment are drawing 
explaining the presumed approach of road surface coefficient of friction at the time of 
acceleration by this invention example road surface coefficient-ofHriction presumption 
equipment. 

[0031] road surface coefficient-ofHriction presumption equipment 1 is shown in drawing 4 (A), 
when acceleration actuation of a car is performed — as — each wheel 6 of a right-and-left 
driving wheel (left right rear ring) and a coupled driving wheel — the rotational speed (omegarl) 
of a left driving wheel, the rotational speed (omegarr) of a right driving wheel, and the rotational 
speed (omegaf) of a coupled driving wheel are incorporated from each wheel rotational-speed 
sensor 5, and the value is continuously recorded according to the passage of time. 
[0032] Subsequently, about record of a certain time of day. a part for the revolution speed 
difference of a right-and-left driving wheel (omega rl-omega rr) is calculated, and the time 
amount differential value for this revolution speed difference [d (omega rl-omega rr)/dt] is 
calculated. This is continuously repeated according to the passage of time. Furthermore, in the 
time amount section to whjch its attention is paid within the time amount to which acceleration 
is carried out by this engine drive, it asks for the time of day (ts) which shows the maximum (a) 
of the time amount differential value calculated in the top. and as shown in drawing 4 (B). the roll 
acceleration (domegaf/dt) of the coupled driving wheel in the last time of day (ts-deltat) is 
calculated slightly [ this time of day (ts) ]. 

[0033] The map 4 shown in drawing 4 (c) here, i.e., the value classified gradually [ road surface 
coefficient of friction (mu) ] according to the property of the proper of the car, It corresponds to 
the value to mu= 0.8 carried out. for example, a road surface — very — slipping — being easy - 
- 9|c3|c — the value to mu= 0.1 and road surface which are carried out — slipping — being easy — 
** — the value to mu= 0.4 carried out, and a road surface — slipping — being hard — ** — 
With reference to the map 4 memorized beforehand, it asks for road surface coefficient of 
friction (mu) from the roll acceleration (domegaf/dt: acceleration of a car body) of a coupled 
driving wheel, and the magnitude of maximum (a) about the size of the maximum (a) to the roll 
acceleration (domegaf/dt) of a coupled driving wheel. 

[0034] This road surface coefficient of friction (mu) is outputted to the position stability control 
unit 3, and position stability control and automatic-braking control by ABS2 are performed by 
making this value into control information. 

[0035] Next the road surface coefficient— of— friction presumption actuation at the time of 
braking is explained. The flow chart and drawing 6 which show the flow of the road surface 
coefficient-of-friction presumption actuation at the time of braking according [ drawing 5 ] to 
this invention example road surface coefficient-ofHriction presumption equipment are drawing 
explaining the presumed approach of road surface coefficient of friction at the time of braking by 
this invention example road surface coefficient-of-friction presumption equipment. 
[0036] the time of braking actuation of a car being performed, as for road surface coefficient-of- 
friction presumption equipment 1 — each wheel 6 of a driving wheel (left right rear ring) and a 
coupled driving wheel (left forward right ring) — each wheel rotational-speed sensor 5 empty- 
vehicle ring rotational speed (omegap. omegaq) is incorporated, and the value is recorded. 
[0037] Subsequently, as shown in drawing 6 (A), while calculating the time amount differential 
value (domegaq/dt) of the rotational speed (omegaq) about the wheel (Q) for which ABS2 
operated to the braking actuation input, when ABS2 operates, the time amount differential value 
(domegap/dt) of the rotational speed (omegap) of the wheel (P) for which ABS2 does not 
operate is calculated. The slowdown of wheel rotational speed appears quickly, so that road 
surface coefficient of friction (mu) is low. 

[0038] Then, as shown in drawing 6 (B), when ABS2 operates, the minus side amplitude value (a') 
of the time amount differential value (domegaq/dt) of the rotational speed (omegaq) of the wheel 
(Q) for which ABS2 to the time amount differential value (domegap/dt) of the rotational speed 
(omegap) of the wheel (P) for which ABS2 does not operate operated is calculated. Road surface 
coefficient of friction (mu) shows a low value, so that this minus side amplitude value (aO is large. 
The value of the time amount differential value (domegap/dt) of rotational speed (omegap) is 
proportional to the acceleration (deceleration) of a car body, and the minus side amplitude value 
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(aO of the time amount ^^rential value (domegaq/dt) of the rot^^al speed (omegaq) of a 
wheel (Q) shows the acceleration maximum at the time of a slowdown. 
[0039] The wheel for which this ABS2 does not operate the map 4 shown in drawing 6 (c) 
beforehand memorized about the size of the minus side amplitude value (a') of the time amount 
differential value (domegaq/dt) of the rotational speed (omegaq) of the wheel (Q) for which ABS2 
to time amount differential value domegap/dt of the rotational speed (omegap) of (P) operated - 
- that is The value classified gradually [ road surface coefficient of friction (mu) ] according to 
the property of the car proper. For example, with reference to the map 4 in which the value 
classified into the three same steps as presumption kicked at the time of acceleration is shown, 
it asks for road surface coefficient of friction from the time amount differential value 
(domegap/dt) of the rotational speed (omegap) of the wheel (P) for which ABS2 does not 
operate, and the^ minus side amplitude (a). 

[0040] Here, with reference to drawing 1 , the position stability control unit 3 in connection with 
this invention example is explained. The position stability control unit 3 is an electronic 
instrument containing the computer circuitry by which program control is carried out, carries out 
the operation output of the motion condition of the car of Perilla frutescens (L) Britton var. 
crispa (Thunb.) Decne. for the operation input of a car. and the behavior data of that car to an 
input, and performs stable control of the position in which the correction input which corrects an 
operation input and a disturbance input to an insurance side according to this operation output is 
given to that car. Namely, the numerical model which holds the physical property of the car as a 
numeric value. The data which the observer which incorporates the operation input of the car as 
data, and carries out the guess operation of the response of the car with a transfer function with 
reference to a numerical model is contained, and are given to a transfer function Autoregression 
method by which the data X at the k event (k) are expressed with each of that value that 
multiplied by weighting-factor A (m) for every event by the data of the past to the actual making 
of the tea at M:00 (the AR method) A response is calculated. 

[0041] When loading weight changes, a product load figure changes, the number of passengers 
changes and a passenger's taking-a-seat location changes, the parameter which displays the 
description of the car stops for example, being in agreement with actual behavior. At this time, 
the parameter currently held beforehand at the numerical model of a car is changed so that it 
may be automatically in agreement with that behavior. This updating is performed when safe 
transit with the behavior of the car to an operation input or a disturbance input sufficiently 
smaller than dangerous extent is performed. 

[0042] The yaw rate sensor 7, the roll rate sensor 8, the longitudinal direction acceleration 
sensor 9, and the cross-direction acceleration sensor 10 are mounted in this equipment, and 
each of these detection outputs are connected to the position stability control unit 3. Mounting 
eclipses and these detection outputs are also connected to the position stability control unit 3 
for the wheel rotational-speed sensor 5 at four wheels 6. respectively. The brake pressure 
sensor 12 is the same and a mounting eclipse and this detection output are connected to the 
position stability control unit 3 at the brake booster actuator 1 1. As for a mounting eclipse and 
its output, the steering angle sensor 14 is connected to the position stability control unit 3 at 
the steering handle 13. The centrifugal-spark-advancer sensor 16 is built into the centrifugal 
spark advancer 15 which controls an internal combustion engine, the condition of a centrifugal 
spark advancer 15 is detected, and the detection output is connected to the position stability 
control unit 3. 

[0043] An example of the flows of control of the position stability control unit 3 is as control 
usually being shown in drawing 7 . Incorporation of this behavior data is performed by the 
autoregression method (the AR method). That is, it goes back to the data of a before at the past 
M event, and is expressed with the value which multiplied the past data by each weighting-factor 
[ for every event ] A (m). 

[0044] Moreover, if the condition of a load changes or the number of passengers and a 
passenger's location change, control illustrated to drawing 8 will be performed and the parameter 
of a car model will be updated. This updating is automatically performed by always supervising 
the necessity of correction. It performs by the autoregression method (the AR method) also 
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about incorporation of this behavior data. The process of the update mode shown in drawing 8 is 
performed in step S9 shown in drawing 7 . 

[0045] Drawing 9 is what showed an example of the input data in connection with this invention 
example, and the sideslipping angle is shown in yaw REITO and (c) at (a) at a steering angle and 

(b) . An axis of abscissa is time amount (second). The axis of abscissa is common to (a), (b), and 

(c) . If the steering handle 13 is operated, the steering angle sensor 14 sends out the input data 
which detects this and is shown in (a) to the position stability control unit 3. The input data 
which the yaw rate sensor 7 detects a yaw rate with this steering actuation, and is shown in (b) 
is sent out to the position stability control unit 3. The longitudinal direction acceleration sensor 9 
sends out simultaneously the input data which detects a sideslipping angle and is shown in (c) to 
the position stability control unit 3, That is, (a) shown in drawing 9 is an input, and ** (b) and (c) 
are the responses showing behavior (BIHEBIA) of a car. 

[0046] The position stability control device 3 calculates the transfer function of this car based 
on these data. A transfer function is a function of complex variable, and if it shows a realistic 
example, it can be displayed by taking a frequency along an axis of abscissa and displaying the 
amplitude and a phase on an axis of ordinate. If it thinks with a comparatively simple model, as 
for the amplitude characteristic, the gently-sloping lower right becomes the curve of ** to a 
frequency, a phase characteristic will correspond and the lower right will become the curve of 
**• Drawing 10 (a) and (b) are drawings which illustrate the frequency characteristics of the 
amplitude and a phase about a yaw rate. Drawing 1 1 (a) and (b) are drawings which illustrate the 
frequency characteristics of the amplitude and a phase about a sideslipping angle. These are 
drawings showing the transfer function calculated based on actual data. 

[0047] The attitude control of a car and updating are described here. Thus, if a transfer function 
becomes settled, the dynamic characteristics of a car is calculated using this transfer function, 
when the unusual motion exceeding the fixed criteria set up beforehand is predicted, brake 
pressure force which is different for each wheel will be given, and attitude control which 
oppresses an unusual motion of a car will be performed. Since this is the same as that of the 
technique put in practical use by passenger car from the former, it omits detailed explanation 
here. This technique is carried out to a commercial vehicle (truck bus), and in a commercial 
vehicle, by the situation of a cargo, manpower arrangement of the PAX, etc., since the transfer 
function showing the response of a car itself is changed, it updates a transfer function. 
[0048] Drawing 10 shall be drawing explaining this and the function of the property shown with a 
broken line as a transfer function shall already be accumulated in the numerical model. This is a 
model in the case of being the standard gestalt whose cargo is about [ of maximum loading 
capacity ] about 1/3. On the other hand, the juniper into which the additional cargo was newly 
loaded. If it does so, an AUW and center-of-gravity location will also change. Thereby, the 
response of the car to the steering same naturally is different. That is, the already accumulated 
transfer function must be changed. Then, if a transfer function is anew calculated according to 
behavior of the car which appears in a sensor, as a continuous line shows, a different property 
from the already accumulated transfer function will appear. This operation is automatically 
performed, as drawing 8 explained. And when the field which gives a slash, the difference, i.e., 
drawing 10 , is larger than the threshold value set up beforehand, the model itself accumulated is 
updated to the new operation value which shows the present condition, as a continuous line 
shows. This is automatically performed as drawing 8 explained. When the time of changing a 
cargo by updating the numerical model of such an automatic transfer function accumulated and a 
boarding staff are changed, proper attitude control can be performed. 
[0049] 

[Effect of the Invention] As explained above, it can have the precision of extent which can use 
the value of road surface coefficient of friction (mu) which is given as an input parameter of a 
position stability control unit applicable to a car, or a braking control unit which has a four-flower 
car or the number of wheels beyond it according to this invention, and it can calculate to very 
short time amount on real time. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the system configuration of the position stability control 
device in connection with this invention example. 

[Drawing 2] The perspective view showing the example of mounting to the car of the position 
stability control unit in connection with this invention example. 

[Drawing 3] The flow chart which shows the flow of the road surface coefficient-of-friction 
presumption actuation at the time of acceleration by this invention example road surface 
coefficient-of-friction presumption equipment. 

[Drawing 4] Drawing explaining the presumed approach of road surface coefficient of friction at 
the time of acceleration by this invention example road surface coefficient-of-friction 
presumption equipment. 

[Drawing 5] The flow chart which shows the flow of the road surface coefficient-of-friction 
presumption actuation at the time of braking by this invention example road surface coefficient- 
of-friction presumption equipment. 

[Drawing 6] Drawing explaining the presumed approach of road surface coefficient of friction at 
the time of braking by this invention example road surface coefficient-of-friction presumption 
equipment. 

[Drawing 7] The flow chart by the position stability control device in connection with this 
invention example which usually explains control. 

[Drawing 8] The flow chart explaining the renewal of a parameter of the car model by the 
position stability control device in connection with this invention example. 

[Drawing 9] (a), (b), and (c) are drawing showing the input data of the steering angle in control of 
the position stability control device in connection with this invention example, a yaw rate, and a 
sideslipping angle. 

[Drawing 10] (a) It is drawing showing an example of the transfer function with which it reached 
and (b) was expressed with the gain and the phase in control of the position stability control unit 
in connection with this invention example. 

[Drawing 1 1] (a) It is drawing showing another example of the transfer function with which it 
reached and (b) was expressed by the gain and the location in control of the position stability 
control unit in connection with this invention example. 
[Description of Notations] 

1 Road Surface Coefficient-of-Friction Presumption Equipment 

2 ABS (Automatic-Braking Control Unit) 

3 Position Stability Control Unit 

4 Map 

5 Wheel Rotational-Speed Sensor 

6 Wheel 

7 Yaw Rate Sensor 

8 Roll Rate Sensor 

9 Longitudinal Direction Acceleration Sensor 

10 Cross-Direction Acceleration Sensor 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/02/08 




THISPAGiBlANKosPTO) 



2/2 ^— v 



1 1 Brake Booster Actuator 

12 Brake Pressure Sensor 

13 Steering Handle 

14 Steering Angle Sensor 

15 Centrifugal Spark Advancer 

16 Centrifugal-Spark-Advancer Sensor 



[Translation done.] 
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mteJOiiS (dwf/d t) (r»-r-5£*^l(i^©|elte 

[0 0 15] z(D^mmm%^ in) ©ffln. ^©^w 

H*(;3!|#tttiLfc75^'oT?Sffi»»«IS: (m) wSPgWl- 

-erofli (*t)J6Tt»D-?=-rii) . 0. liJ^i^O. 

Wft mO^fVi) , 0. 4~0. 8*T(D« (mOfI 

(dojf/dt) tl^*-ri)8ffsBfi:^ffl (a) 

■/^»mvxmwi^<D^e,isams. (do>f/d t) ^sj; 

[0 0 16] *f8Hj!W^-<0«.'Sti> ftiiJ9)B#t:*Dtt-2)iSS 
ch. ai»j^{tA:'7C>ctLTAB S (Ant i lock Break Sys 

tem, '^mmmummm) m^mLtzmm (q) iz-di^x 
(ojq) coB^Fsm^fiS (dojq/d t) ^mw 

-r^^at. mrBSABS*if^»L/!:flt,^TABS75tf^«l 

(P) (Dm^mm (ojp. (V) tc 

itm) (ommmii-m (dojp/d t. *:#«fiD3S^(3tk 
m) izM-t^miABsmi^mLrzm^ (q) ©steii 

a (ojq) coKpR^^i-M (dwq/d t) cDV-f :J-7,{|iJ 

mmm (a - , Mj^B#co»paigs±tt) {rmuTssffi 

[0 0 1 7] mts.ABs^^i^mi'm^mm (p) come 
as (cop) (Dfi^mw^m (dwp/d t) ti^^-r-sM 

IBAB S^S{fi)jb/!:*$Si (Q) Om^MS. (wq) (DBf 
K^^ffi (dojq/d t) (OV-f::hxffl!llgi|i« (a' ) 

IzMltsLXi&mmWM^ iu) c7)M$*t^r-i)^®(i. 
^C0#il5O#tt(rUfc;55oT?SM*it«» (m) 
W (3 $ n/i tt (C^C^ jtS L T A B S ft L V i 

(p) ©luteins (ojp) omisim^m (dwp/d 

t) tzM-r-g)tirtBABS;05f-t£ftLfc#$& (Q) ©[slfejg 
S (ojq) COBtram^fi (dojq/d t) (DV-f :hX#J 

jg<itt (a' ) <D±^-^i,z-z>\^^x$>^f3^Vii>sd.m.^nrc 

i^^iis (p) (Djsi^mm (ojp) oB#rBm^i-fi (dojp 
/d t) i5^zsmm^-(i-xmmmm (a - ) Tii^i^iSB 

[0 0 18] ^mizmmmmr^ntct^iz. mwc.(Dm 
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teMffi (ojp> oyq) ^®5A^tB®b. SiJ»jlSf-^A::'3 1 
^^LTABS^^f^Wjbfc^fH (Q) lZ-D^^X^(D\si^m 
m (coq) (DNfK^5i-tt (dcoq/d t) ^mWir^t 
th\Z. ABSA^i¥W}Ltl^^m^ (P) COHte^fi (CO 
p) c7)B#rBTOij'M (dojp/d t) ^i^Wr^. ABS 
^SM-^ftL/ctV^^fSi (P) (Dm^mS. (cop) 

(V) {rjt^sjL, ^(Dm^^Wi^m (dcop/d t) 

[0 0 19] :i(DABsmi^mLti^^m^ (p) wisite 
ji^ (cop) (Dmm^^m (dcop/d t) tr^f-r-sA 

BS;<|tf^t!)L.fc**fe (Q) (Dmmmm (coq) ©BtPflfS 
^i-tt (dcoq/d t) cD-7^:h7.(|iJ«i|ifB (a' ) IzM 

!t^Lx^m»m^m. (u) ^*^-r^<. ABSj^^f^wu 

(P) ©meiSS (cop) (V) \z 

itML. ^(Dmmm^m. (dcop/d t) it^i^uamm 

izttm-r^. ^fz, AB sA^i^mLfz^m (q) wEte 

jaSOBtPem^ffi (dojq/d t) »-7^^XfiiJS*iM 
a' tiM^B#»JnjiS«:*:ffi**t-. 

[0 0 2 0] c:(D«iji!jii#(cs§ffi^fis«» (fi) ^m^-r 

^m^h. ^(Dmmmm(n^mzLrzA^-^x. ntirnvtz 
j:oi,z^mm^%^ (w) (Dmmmzm^-^tifzmizM 

JSLT, AB S*^{mb;5:l^*$fe (P) ommmS. (oi 

P) (OH^Wa^fi (dojp/d t) l,zM-t^ABSf)ij^ 

wii^fz^^ (Q) coimtejis (c-jq) (Dmr^m^m (d 

coq/d t) (D-^-i-txmm^m W ) (D±^^iZ^ 
^^X$>i*^\:-{b-7y-ftLXmmVXiS^. Z.<D^yf 
Sr#H3bTAB S;5S{^aL/j:V^*|fe (P) (D^mmm 

(ojp) cDB#rBm»{it (dojp/d t) *5J;tKT-f:fX 
{BiJJitStt (a' ) 75»6*46€).Ii:^5-Tj-^^„ 

CO 0 2 1] ^tifrJ;f). ^#^^*JWg«^Wl)i*Jffl 

^m(DAf}/i'7 ^ ^ tLx^pi^?^mmm%W(. (w) co 

^mmizmmx^^m^tvTji^-rAizt^nm^-t:^^ 
tf}^x^. mm.(Dm^^^m^^mm^mmmm&n3 

[0 0 2 2] 

mmcommcomm] 

[0 0 2 3] 

[siss^j] :^mMmmm^mmi,zm-:^i^xmm'r 
mx$)^o 

[0 0 2 4] :$i^m^mm^mmm%»im^^m i 
ABS (gftftijibfSiffligs) 2;/)5^tte.ng«;ftij«jaffli 
^n^tt'b iz'^mmmm^^Ati t \^x^nomm^ 
mtmm^vi^mmf^'&um^m.zizmfL^n^. 

[0 0 2 5] ^wgsM^^^^it^geifi^, mmn 



i' 

iziii^^T^mmm^^ (m) ^m«-r^#siLT. m 

antro^sfe^ilj^cOlHlltojIS (w r 1 , 0) r r) iJcttX 

uvi^<Dm^mm. (wf) ^^ti-€ti^mbtEfii-r^# 

©i. Wfe&:&IKttj$acD|5iej$gM:Ji- (cor 1 - wr 
r) Si^St-S^gi. ;i<7)M^i-«B§rBm:Ji-tt (d (w 
r 1 - w r r) /d t) Sritm-T-S^at. X>v>^ 

mrmmmmm^mAm:km (a) ^^-rn^^j (t s) 
<&**i)^g!<i:, ;i(;5^^j (t s) </)*)-r*>{rm(Dii#?ij 
(ts-At) iziiii-^'^Wii^<nmmmmm. (dwf/ 
dt) ^jKS-r^^^i. ;irofm^co[5]ei)nas (d 

wf/d t) {c**-r^Wte*;^ffl (a) (D±^^lzMlt^ 

[0 0 2 6] '^W}^(D^mmms. (dw f /d t) (r^t 

ir^mid.mizm (a) «;>c#^H*tJtSLT?SK^J«#ic 

;)^oT!§®»jt«l^ (m) cDgP&Wt^E^i-Snfefitr^f 
fSLTtieif/fSicDiHieJinas (dwf/d t) tr^ff^Bft 
tB«;*ctt (a) <Diz^^tz-::)\^^X$,i=}^^Csbtm^tirz 

& (dwf/d t) *5c};l>'WtB«±fa (a) (D^^^f)-^ 

CO 0 2 7] $e>(w. *iJ«jB$t;*5t^T2SS*^#^Sr«l 

q) 5ffi»(0*$gitrot/^T^tiiLfBi^-r^^®i:. *Jllj 
m^Xfi\z%^VXABS (Antilock Break System, 

umm'm-^W) 2ti^vfmLtzMm (q) tc:pt,^TiH]teig 

S (wq) 0ll$r«m5i-ffl (dwq/d t) ^iS^-T^^ 

at. AB S 2:^>*f^S)LfcB#.'±iTAB S 2-f)^V^mhm^ 

(p) cDniteiis (wp, (V) trittsj) 

©B^ffim^i-ffl (dwp/d t, Mw<Dmm'&\zi!cm) \z 

*ft--5ABS 2*tfPW)Lfc*«S (Q) Wliiea^ (w 

q) ©Btram^M (dwq/d t) (D-^-^-rxmrnmim. 

[0 0 2 8] AB S 2;5Sf^W)L;^tlri$$fe (P) (Dm^M 

m (wp) (onr^m^m (dwp/d t) (c^^-t^ab 
s 2Ammvrz^^ (Q) coiHiteji^ (wq) wnt^m 
<dcoq/d t) (D-^-a-xmmmm (a - ) izm 
ft^Lx^mmm^^m (m) <DM^«s-rs^©trtt, ^ 

{rEii-$ti/iffiH5:tjEeUTABS 2/iSfPibL.;^tt^»lfe 
(P) romtejiS (wp) roB?fra^5i-ffl (dwp/d 
t) t3?*-rsAB s 275^f^»L/i*fi (Q) om^jis 

(wq) CDIl#rBmii-ffi (dwq/d t) (D-^-f 
mm (a' ) <7);*c#$(rol,^Tfe6*^i;i!6tBti^nyc:V 
-/:?'4t, C:<^V«y7'4S:#R8LTABS 27)«f^|(lL;^ 
t,^»IS (P) cDlsIgiilt (wp) (DVmm^m (dwp 
/d t) *3cfcl>'v-f :t-XffliHg<Bfg (a' ) 




^ssc (m) ^^tb^^m^^^n^, 
[0 0 2 9] :$immm<Dm^tLxmnz^r2mmm 

(D^wi^m\z^i^rzi)^^ i^m^m(Dm-^tz\i3m$>i>^^ 

mmoym-thmmizmmxt^o -tr^t)-^. ^-n^nro 

^^?cSffln. ^(Df&<nm'm^mmiznioti^o 
[0 0 3 0] 'Aiz. :L<D^oizm^-^nft:^mmmmm 

^mmmm^m^^m i (D^mmmm^m^mmz^i^^ 

[0 0 3 1] gsB^fig^sscit^ea 1 li, ^j^cDjoisis 

f^;J^'fTt3ti/ii:#tc. 04 (A) iz^-TJ:^, tE^mWi 
iHlte^m-t^ltS^^e.:^^!)^©^^^^ (cor 1) . 

^isid^roiHiteji^ (cor r) ioJ:zfm.W}^<Dmi&mm 

[0 0 3 2] $)^B#^J©IB»{3t3t^T. 
id^roiHlteig^M^i- (corl-corr) ^ro 

IDKj^lt^^cOBtrBl^^ffl [d (oj r 1 - co r r) /d 

t] ^i^wt^o zn^fim(DmmzLrzf}^-:>xmmff] 
izmomto $e>tr. z(Dx.>>^>mwiinz^iotsamA^ 
fft:>tix^^^mNi';H(Dmm'r^mmmm\zii\,^x. ±x 
mwLrzmfnm^m<Dm±m (a) ^f^-rmm (ts) 

5:*a6, 04 (B) iZ^-r^oiZ. Z.(Df^m (ts) w 
*p-r*^lCH(r(OB#^J (ts-At) {3*3tt-5tie«»$i<7)|Hlte 
SniSS (dco f /d t) ^S5»-rs, 
[0 0 3 3] ZZ.X', 04 (c) {lS^-r-7-yy4. "T;^ 

(m) <o®|i^a<J^3E^^•$t^fe^a. ^m^^tosb 

^•r^^t$n^M = o. 4^x(Dm. *5j;t>'ss®*^?io 
(ommmmm (dcof/d t) (r^frs«:*cii (a) <d 

T. «eft^«[Hlfe)!JDji^ (dtof/d t :mw(Dmm 
S) *3J:0=«;*:ffi (a) (Di^^^A^^^mm^^^^ 
(u) ^*ae>So 

[0 0 3 4] :i(7)!§MflSiS«|gc (w) H^^^S$f)Pg 

43<i;o:ABs 2{z^^^mmW}UmA^fTt)n^, 
[0 0 3 5] Aiz. mmmziiiir^nmmmm^m.'^m 
mz^i^^xmm-r?>o msit^mM^m&mmmmw^^ 
mM^miz^^mm^izin-}^$^mmm%^m^mi^<D 




[0 0 3 6] ^mmm^w^m^mm i n. mmo^mmm 
(»€-*^6^n-€"n©*fgifi]eMS-fe>+t- 

[0 0 3 7] 0 6 (A) ic^-Ti^tr, 

WAtjizMVXABS 2m'^WsLrc^^ (Q) tC-^t^T 
(DUItejilg (coq) (DmmWi^m (dcoq/d t) SriK 
aE-r-Sttfcl'- AB S 2;5^'f^i]b/ill#*TAB S 27^5 
j^rnvm^^^ (P) «[H]te3^S (ojp) «BtFBm:^ffi 

(dojp/d t) ^mm^%^ (i^) *^is 

[0 0 3 8] m^^X, 06 (B) tr^f AB S 

2i)^i^WlLftm,^r\ AB S 2A5'fPI()L75:t^*:$B (P) 
(DIfilteaS (cop) (DPtM^^tt (dwp/d t) tr^ 
T-SABS 2*t#lljb^c*ffe (Q) ©iHlteig^ (coq) 
(OBtram^i-fi (dwq/d t) (7)V-r 

(a' ) Sr5j<s6-5<, ;icDV'f (a' ) it± 
^V^SifKffi^Jg^iC (w) «<SV''ffi€r*-ro iHieiS* 

(wp) CDBtfoTO^i-ffi (dojp/d t) ©ftH*#:W^JP 

as («a*) frtb^jL. (Q) (nmt^ms. (oj 

q) OB^rem^i-fi (dcoq/dt) <DV-f:hX«41M 

(a' ) ««a^wi]n^ft±ffi^s^f o 

[0 0 3 9] CCOAB S 2^ii^W]Ln.^^^^ (?) <OIhI 
tei^lt (c/jp) roStFara^^fitdojp/d t) ir^^f^A 
BS 2;^5f^»ibfc:<:|B (Q) ©lUKjiffi (coq) 
IS^i-ffl (dojq/d t) rov-f ■^-T.ffliJtSfiffi (a' ) W 

^fvc^siroi^T^eA^cjiiBtt^ti/tiiie (c) (c^f 

(m) ©apgWtcK^i-^nfctt, ^aiAtiSa 
jiut It ^ it^ <t l^«|(DHg;|5i K^i- $ nfc fit V 

■>'-7°4 ^#fiML-, AB S 2^^'f(;l)]L;^iVi*$| (P) WIhI 

teiss (cop) (ommw^m (dojp/d t) 

'f:?-X«i|@ (a' ) 75ve.iSSBP|E^0^^Sr*i*^. 

[0 0 4 0] ciJiT, mi^PMLx^^mmmmmiz^^ 

MffligM 3 tiT" P i7* ^ S n-S a > 1 3. - ^ HISS ^ 
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lzm^%mA (m) ^^C/ifiT^^n^SBlHiDi* 

(AR;&) {z^iQ^-^^^mw-r^o 

[0 0 4 1] m^immmmiimitLtzt^. m^ws 

^Ay ^■^^)^^m.<DmW}t—^L^<f3~^o Z.(Dtt 

\z. ^mo^U'Ey'Mzh^iJ^ctb^n^nx^'^^/'^y 

(0!EfrH> se^f^A;^$)-5V^tt^1-SLA:^t-*i-r^*i^ 
[0 0 4 2] ;i<og«lc«3-l/'f h-tr>i*-7. n-;i/ 

^maj^t)^^*^*]i«ss3tc»^$ti^o yi^-^ 
• zf-T.^ ' Tfp=j-o.-x.—^ 1 1 \z\t.-fv—^^^y'^ 

1 2;0^-®#tt^ti, :ic7)^tiitB;fj(i|w|i;<g»ft^fflffli 
^M3irg«§$ti^o «)itA>F)H 3tcHjf*fe^^-t> 

•y-i 4 7i^'S{#^te.n. ^coai:^tiS^ss*Jifli»a3tr 

[0 0 4 3] ^#SS*JiiSSM3cO$iJ^Sl7P-C0— «SJ 

w^um\z'D\-^xmi\z7P.'th^^x%^. zom 

«jx-^rom*li@SlHl')i?i (ARft) trJ:0*fT3 
jl*(Dx-^'l-«-Bt-^»<oa^«?SA (m) S'SCfett 

[0 0 4 4] ^fc, ?i#co*;cffi^^"^^D- $>^^^iimm 

^ (ARffi) t:J:0*fT$tl^„ HI 8 [C^-TMM^:- F 

[0 0 4 5] |l|9li*^0J*SS^JlC*^;6^t)-5A;'35^-^ 
(7)-9ij^^L;tt><7)T?. (a) \zi,imf(tM> (b) (rti 

3— u-f F. (c) izitm.T^'oA^^^^tixi^^o 

$ft«B#FBl (#) T-ab^o filtttt (a) , (b) , (c) 
^|-fe>-y-l 4«sc:n*i^tiiL. (a) tr^fA^'Jx-^Sr 
-pXa-l/'f h-t>+t-7:^t3-^-f hS^tiiL (b) C 

*-rA;^)x-^'^^^^^Mfflige3(cjtffli-^o iHiB# 
\zmij\^mmm±.y'\)-9Am-t^'oA^^iiiv (c) n 

^^A;^»x-^^^^^«^JWgS3t'3^tH1-So 
t)*.09}C:^t- (a) itXf]X&iO> m (b) *3<tr>* 




[0 0 4 6] ^m^^mmmm3\t:inib(Dj'-'5^{zm 
0 mmizmmii^zs&m^mmir^ c: 1 j; o «^-r 

ffiffl!|#tt«*tJ£:UT*T7i««3a)ffli^H 010 

(a) *Jj;tX (b) H3-U-hlr^l^T«®*3J;tX{4 
fflW^i6Sc#tt^«aj*-r^iaT*S„ 011 (a) iJJ: 
o: (b) ttmt--^'9^^trt?t^Ttgi|Si3«kO:{4ffl(D«fe^ 

[0 0 4 7] ::z-vi$^mff:)^muWi^zsw.miz'Di^r 

m^^o z(Djivi,zLxB,mmm^^^^ii. z.(D&m 

[0 0 4 8] 01 0«^tl2:I5JHJ-r^ElT*O. -TTil 

::tnzMLxmrzizi^Mi(Dm^mAmm^tirziiLJ: 

j;:iomm\zmcmmzMt^mm(oit^mtt,i)i-ox< 

So ■rtiiD*>rx'izmm-^nxi^?>Gmmmt^^Lti 
iftnttii^Uf^\ ^zx\ ±>-*)-izmn^^n<Dm^» 

j:o\z. -rxizmm-^tixf^^^&mmmutmu^m^i. 
Amn^o z(Dm.wi>tm8X'mmLrz^o\z^ mm izm 
ffsn-So ^vx'tcDm^-^^Ktmi o^zm^^^m■rm 
mf)iibibi)^ctbm'^-^nftm^m^K)A^\'^ii^\zit. 

tE(D^m^^-tmfzmmm\z^§\-r^, :in\tm8x 
mmvrztiiK)!^mmtz^n^ni>o ciwjc^ntgftw 

(rj;o, m^mmw]Lrzt^'^mmAmf}mm\^rzt 
tti^izh. miE:/s.^^um^mn-r^zizf)ix^^^ 

o vzls.^^ 
[0 0 4 9] 
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T#A-5gs®)?j«fl^ic (m) <r>m^mmx^^mm.<n)m 

[HiScDfiiWj^iJiW] 

[01] :i?.^mmmm\zti^-h^f^^'^m^^um^m<Di^ 

[@3] :^%m^mm'^^^^m'^m.'&^m.\zi:^im. 
mzion^^mmw%^m'&'m^(Dmti^7Ptyu-=^ 

[04] i^%^mmm'^mmwM^m^mm\zi:^mm 

n$ ir *3 It -sgSHSH^mitSli^ wnftn &S^-r 7 p - ^ 

[0 6] :^%mmmm^m»WM^w-&^m.\z^^mm 
mzio\i^^mm^%'!^(r>vm.-^ik^mmt^m. 

[0 8 ] ifmmmmm\z-f)^f)^t)^-^m'^'&m'm^^\z^ 

[09] (a) . (b) isj:zs (c) \i:^%mmmmiz 

f)^-^^to^m^^^mmmm.(Dmmizi6i,-f^mii^M. 3- 

[0 10] (a) ii^Zf (b) H*%Bj||ii0ij{i;O^^t> 

[011] (a) iicto^' (b) tt^^g^^ig^jf:*^*^*? 

1 8Siif^iS«^«I^SS 

2 ABS (Slli«ii»)«imSB) 

3 ^^^««ii«ISB 

4 V-y >^ 

5 *^lHitejS;K-k>lt 

6 mm 

7 a-ix-f h-t>it 

8 D-;H/^ h-fe>-y- 

10 ttf^;^i6])[)njiS-t>it 

11 • ^-7.^ • 7i7^iX— 
1 2 7*l/-4^1£-fe>-9- 

13 S)|t>'N>K>'l/ 

14 #i}e^-fe>-y- 

1 5 iJ'J-^i- 

1 6 ;tfA:»-t>-tt 
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[03] 



mmmz^i^ ^^mmmmm (u) <Dm^ 



C(o rU w rr ) fc<tC/ 

(wf) ^tso^^^-r?> 



J. 



(6> rl — 6> rr ) 



d (cc) rl — o) rr) /dt 



(Ts) *^J65 



^^J (ts) (Dio-rt^mc^^mM 
(ts-At) Kis\f?>mij^<^ 



^ y*#RB LTfia&ift® life 

SH^iK (da>f/dt) fcckCJ^ 
MzKm (a) cD;«c^$*>^»I^M 



ABSii^imi^t^m$st (Q) 



ABS^i^fPt&L/::^!^ (P) 

wi^m. (d£op/dt) ^m^-rz 



(d<wp/dt) {CM^S 
(dcoQ/dt) O-t-Tt^;^ 



•7 :/^#Bs LT ABs t^rm 

(©l^ram^ (d CO p/dt) 
J; J^v >r xMi^gfil (a ' ) 



(10) 
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me] 



[m9] 



/5 mM§nsjM-&>^ 
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□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




EADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 



THIS PAGE BLANK »BWO) 



